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Studies on the Changes in Nectar Concentration 
Produced by the Honeybee, APis mellifera 
Part L Changes Which Occur Between the Flower 
and the Hive 
By o. w. PARK 
AGRICULTURAL EXPERIMENT STATION 
IOWA STATE COLLEGE OF AGRICULTURE AND 
MECHANIC ARTS 
ENTOMOLOGY SECTION 
AMES, IOWA 
SUMMARY 
1. The honeybee changes the concentration of nectar or sirup 
only very slightly while en route to the hive. 
2. The change is a decrease instead of an increase as has been 
assumed by many heretofore. 
3. The amount of decrease varies directly with the concentra-
tion of the nectar or sirup. 
4. Observed mean decreases varied from one-fiftieth of 1 per-
cent on a 13 percent sirup to 1.8 percent on a 64 percent 
sirup. 
5. The average decrease for Iowa nectars commonly gathered 
by the honeybee is about 1 percent. 
6. "Carry-over" from the previous load is relatively unim-
portant, as a rule, and may be disregarded when using an 
average based upon determinations from 10 or more honey-
sacs. 
7. Changes in concentration of nectar or sirup while in t.he 
honeysac are independent of the factor of flight or the ab-
sence thereof. 
8. For most practical purposes, it may be considered that the 
honeybee does not appreciably change the concentration 
of nectar while gathering a load of it and carrying it to the 
hive. 
9. Should it be desired to make correction for the slight 
change introduced by the honeybee, this may be done 
readily by using the regression equation given on page 232. 
10. Honeysac contents of honeybees captured while gathering 
nectar from a given plant species give a close approxima-
tion to the actual concentration of the nectar as found in 
those flowers. 
11. Highly trustworthy averages were obtained from lots 
comprising 10 honeysacs, determined individually. 
12. The determination of nectar concentration through the use 
of honeysac contents opens greatly enlarged possibilities 
for gaining new knowledge concerning sugar concentra-
tions in the nectars of plants. 
Studies on the Changes in Nectar Concentration 
Produced by the Honeybee, APis mellifera 
Part I. Changes Which Occur Between the Flower 
and the Hive 
By O. W. PARK
' 
Elimination of surplus water from nectar is an important 
part of the honey ripening process. The two theories that have 
been offered in explanation of how the honeybee reduces the 
high water content of nectar to the relatively low water content 
of honey, are known as the excretion and the evaporation 
theories. The first of these is based largely upon the well 
known observation that bees carrying thin nectar or thin sirup, 
often eject a tiny spray of colorless liquid which is believed by 
many to be nothing but pure water eliminated from the nectar 
by some physiological process within the body of the bee. The 
fact that newly deposited honey is already somewhat more con-
centrated than the nectar from which it was produced lends 
credence to this idea. 
The only other explanation that has been offered as to how 
bees concentrate nectar is that they bring about rapid evapora-
tion within the hive by maintaining a relatively high tempera-
ture and forced ventilation. 
In the absence of definite data, many have considered it pos-
sible and even probable that both excretion and evaporation 
are involved in the process. 
The pu'rpose of this investigation was to determine the means 
employed by the honeybee to eliminate excess water from nec-
tar in the process commonly known as the ripening of honey. It 
is hoped that the knowledge obtained may enable man to im-
prove some of the methods through which he attempts to co-
operate with his insect partners. 
Data reported in Part I of this study refer to changes in 
sugar concentration which occur within the honeysac of the hee 
between the source of supply and the hive entrance. Part II, 
which should appear soon, will present data on changes in sugar 
' The author wishes to give full credit and grateful acknowledgment to George W . 
Snedecor. professor of mathematics. Iowa State College. for making a statistical study 
of the data presented in this bulletin and checking t h e manuscript with regard to all 
statements based upon his study. Special thanks are due a lso to Dr. R. M. Hixon, 
professor of plant chemistry. Iowa State College, for supervision of chemical 
analyses of nectars and for his many helpful suggestions. 
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concentration which occur after the bee has reached the hive. 
The former reports investigations on the excTetion theory, while 
the latter will report principally upon the evaporation theory. 
REVIEW OF LITERATURE 
The opinion that bees eliminate from nectar a considerable 
part of its surplus water while in the honeysac, has been widely 
held for centuries; but writers do not yet agree as to the way 
in which such a change is accomplished. 
In 1740, Reaumur (41), in his "Memoires," stated that when 
nectar passes into the honeysac and remains there for some 
time, it comes out from thence true honey and that it is digested 
and concocted there, which is the reason of its being thicker 
when it issues than when the bee took it in. Bazin (2) tells us 
that Swammerdam also held this belief. 
In 1817, Huish (23) wrote: "The bees give no other prepara-
tion to the honey than the purifying of it in their stomach. It 
is in this laboratory that it assumes that thickness and con-
sistency which it did not naturally possess." 
In 1827, Johnstone (25) stated: "Some disgorge the honey, 
which, after: passing through their stomach, has become a 
thicker fluid, into the empty cells destined to. be storehouses." 
Babaz (1), whose book was published in 1868, is cited by C. 
P. Dadant (16) as the originator of the idea that bees rid nec-
tar of a part of its sulplus water by evacuating it during flight. 
Babaz, while feeding his bees in the open a sirup made by dis-
solving 1 kilogram of brown sugar in 4 liters of water, noticed 
the droplets evacuated by the bees, usually en route to the hive 
but sometimes from the hive to · the feeder. He observed that 
this fine spray which fell upon vegetables, leaves of trees, faces 
and clothing, evaporated without leaving the least trace, 
"which proves," said he, "that it is only pure water that the 
bees have the secret of separating very promptly from all 
sugared elements, to keep only that which is suitable for the 
honey." 
Zoubareff (59), in 1883, attributed the function of eliminat-
ing surplus water from nectar to the then newly discovered 
organ of Nassanoff, which is now known as the scent gland of 
the honeybee. 
In 1886, Plant a (40) found by chemical analysis that honey 
freshly disgorged by the bees, is already concentrated to a con-
siderable extent when it is delivered into the cells. He con-
cluded from this that bees eliminate a considerable part of the 
water from nectar while it is held in the honeysac, but he of-
fered no suggestion as to the means whereby this might be ac-
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complished. According to Greiner (20), experiments subse-
quently conducted by Schonfeld caused Planta to consider it 
questionable whether the honeybee plays any part at all in the 
process of nectar concentration. 
Dzierzon, as quoted by Greiner (20), states, "It seems we can 
reasonably suppose that the honey-stomach of the bee is like a 
filter, allowing the water to pass through its walls." 
Hasty (22) asserted, " Through a wide extent of very thin 
membrane, rnade a-ptwpose, the water of the blood and the 
water of the nectar equalizes rapidly." 
Brunnich (7,8, 9, 10) has carried forward the ideas expressed 
by Dzierzon and by Hasty, and, after making certain anatomi-
cal studies and performing some experiments, has developed an 
ingenious and interesting theory. H e has gone so far as to 
state, without reservation, that much of the excess water of 
nectar passes through the wall of the honeysac into the blood 
of the bee, from whence it is removed by the rectal glands and 
discharged through the rectum. Thus he has explained, to his 
own satisfaction at least, the source of the tiny spray of color-
less liquid often ejected by bees carrying thin nectar or sirup. 
The general idea that honeybees eliminate water from nectar 
while en route to the hive has been held also by Rauschenfels, 
according to C. P. Dadant (16), and by A. I. Root (42,43,44, 
45,46), E. R. Root (46,47,48,49), Thompson (53), Hutchin-
son (24), Norton (28), Wood (55), Scott (51), Getaz (19), York 
(58), Sargent (50), Hall (21), Miller (27), Wing (54), Stiles 
(52), and others . . 
Samples of the liquid ejected by honeybees under the circum-
stances mentioned above have been collected and tasted on sev-
eral occasions. E. R. Root (47) reports that his father, A. 1. 
Hoot, once set out dinner plates and caught some of this sub-
stance. Thomson (53) obtained a sample by means of a sheet 
of oilcloth spread on the ground beneath the line of flight. Hall 
(21) simply reports having tasted such droplets upon numer-
ous occasions. All three agree in reporting the liquid to be 
tasteless and only pure water, as far as could be judged from 
the taste and from the fact that no residue remained upon 
evaporation of the droplets. 
Brooks (5) reports having observed these droplets discharged 
by honeybees not only when working on thin sirup but also 
·when they were getting nothing but water. This observation 
is corroborated by A. 1. Root (45). 
Charles Dadant (15), writing in 1880, appears to have been 
the first to oppose the theory that honeybees separate a part of 
the surplus ·water from nectar by some physiological process 
while en route to the hive. He held that the liquid evacuated 
by bees on these occasions has passed through the stomach, 
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"Which, having digested the sugar, lets the water pass, of 
which the intestines hasten to rid themselves." In support of 
his contention, he called attention to the fact that "The bee 
which works can live only a very short time if it is deprived of 
nourishment." He then cited, in support of his statement, two 
cases which show that" the bees digest quickly and have need 
of restoring themselves while they work." This explains, he 
said, "why, when they harvest a honey too watery, they evac-
uate a certain quantity of water." 
"It is then more rational to believe," said Charles Dadant, 
"that the bees let fall only the water ·of the honey that they di-
gest, and that this evacuation becomes visible when the nectar 
harvested contains so little sugar that it is necessary that these 
insects send into their second stomach, a large quantity of it, 
to obtain the sugar indispensable for the restoration of their 
strength. " 
Oren (29, 30), Doolittle (17) and Cook (13), the two latter 
being well known authorities on the honeybee, supported the 
views of Charles Dadant on this subject. 
Crane (14) and Yates (56,57) each interpreted this phenome-
non as a means employed by bees that have gorged themselves, 
to reduce their load to an amount which they can carry. 
Schonfeld, as reported by Greiner (20), found that thin sirup 
in the cells of a honeycomb kept within the hive but protected 
from the bees by wire cloth for seven days, increased in concen-
tration to approximately the same extent as did similar sirup 
fed to the bees for comparison and stored by them in the comb. 
The writer (34) has reported briefly on preliminary experi-
ments bearing directly on this topic, which he conducted in 
1926. This work tended to show that no increase in sugar con-
centration occurred between the field and the hive entrance. 
The results even suggested that if any change occurred at thiR 
time it probably was a decrease instead of the expected increase 
in concentration. 
EXPERIMENTAL 
STATEMENT OF THE PROBLEM AND GENERAL PLAN OF 
INVESTIGA TION 
Does the honeybee change the concentmtion of nectar while 
en route to the hive? If so, is the concentration increased or de-
creased and to what extent 1 Does the change vary in direction 
or extent with the original concentration of the nectad In case 
an increase is shown, is it sufficient to account for an appre-
ciable thickening of the nectar 1 
Direct answers to these and related questions were obtained 
by comparing the sugar concentration of the honeysac content 
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of the bee entering the hive with that of nectar or sirup taken 
directly from the same source from which the bee obtained her 
load. Three sets of experiments were carried out in consonance 
with the general plan just outlined. These differed from each 
other in details of procedure, the first two being somewhat in 
the nature of preliminary work which led up to the final and 
most important of the three experiments. 
METHODS 
DETERMINATION OF CONCENTRATION OF NECTAR AND OTHER SUGAR 
SOLU~],IONS 
Nectar normally is available in minute quantities only, so 
microchemical methods of analysis were used during the early 
stages of this investigation. Bang's method (26) for micro-
. determinations of invert sugar was adapted to the determina-
tion of total sugar also, by bringing all sugars to the invert 
form by means of dilute acid and heat. 
Determinations run on sugar solutions of known concentra-
tion were plotted on graph paper, thereby obtaining a curve 
from which determinations on nectar and other samples of un-
known sugar content were determined. Extensive use of this 
method showed that the utmost care was required in the prep-
aration of solutions ~nd in carrying out the routine of the pro-
cedure involved. Our procedure and results were checked each 
half day at the beginning of work by making determinations 
on known sugar solutions. In order to reduce errors to a mini-
mum, determinations on samples were run in duplicate and 
often in triplicate and the average taken. At best, results 6f 
analyses by this method may be in error to the extent of ap-
proximately +0.5 of 1 percent. Then for the most part the er-
ror must be considerably greater than this. In fact, all micro-
chemical methods for the determination of sugar, with which 
the writer is familiar, are quite susceptible to error. They are, 
moreover, time consuming and all require laboratory facilities. 
Dissatisfaction with microchemical methods led the writer 
to cast about for a more efficient method for finding the sugar 
content of nectar and other sugar solutions, with the result that 
he hit upon the idea of using an Abbe refractometer for the 
purpose. Such instruments are used extensively in sugar refin-
eries for finding the concentration of sugar solutions. Determi-
nations by this instrument are purely physical measurements 
and are based upon the fact that a ray of light in passing 
through any transparent material is bent or refracted. In pass-
ing through a layer of distilled water, a ray of light is refracted 
only a little, but if a soluble substance, such as sugar, be dis-
solved in the water, the ray is refracted to a greater extent, the 
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exact degree being dependent upon the amount of sugar 
~~~. \ 
Strictly speaking, the angle of refraction is determined both 
by the kind and the amount of dissolved solids in the solution. 
Instruments constructed upon the above principle may then be 
used to determine the total dissolved solids in many different 
kinds of solutions. The solution to be tested should, for ac-
curate results, contain only one kind of dissolved solid. For 
practical purposes, however, the refractometer often gives good 
results for solutions which are only relatively pure. 
An Abbe refractometer was obtained, and after being sub-
jected to various tests, was found to give results which were 
quite satisfactory. Successive refractometer readings on a 
given solution were found to check with each other much more 
closely than did successive determinations by microchemical 
methods. As a rule, refractometer readings were found to run 
from 1 to 3 percent above chemical determinations, but this was 
expected because refractometer readings give results in total 
dissolved solids, and nectar contains very small amounts of sub-
stances other than sugar. 
Analyses of nectar, showing the percentage of sub-
stances other than sugar and water, are all but lacking. 
Plant a (40) found that nectar of P1"otea melli/era con-
tained 0.6 percent of such substances, and Caillas (11) 
found 1.34 percent in nectar from orange blossoms. Other 
evidence, however, is not lacking. To the best of our knowl-
edge, honeybees remove nothing from nectar except part 
of the water; and whatever substances may be added by them 
are present in quantities which are negligible so far as the pres-
ent discussion is concerned. Then the percentage of substances 
other than sugar and water in honey can furnish considerable 
evidence concerning the extent of their presence in nectar. 
Browne (G) and others have shown that the percentage of in-
gredients in honey, other than sugar and water, seldom com-
prises more than 5 or 6 percent of the whole. It is certain, 
therefore, that they rarely compose more than 2 to 4 percent 
of nectar, because, as the writer has reported (36), nectar com-
monly contains 50 percent or more of water, while after being 
changed to honey only 15 to 20 percent water remains. Thus 
a consideration of the chemical composition of honey and of the 
relationship between nectar and honey indicates that while the 
results obtained by refractometer readings should be higher 
than those from chemical analyses, any error introduced there-
by should not be large. It may be noted, further, that any such 
error probably would be nearly constant for any given nectar 
source; so that in studies, such as the present, in which the 
217 
change in concentration is the principal consideration, any such 
error is automatically cancelled. 
In a very few cases refractometer readings dropped slightly 
below chemical analyses in comparative tests. It was found 
that in practically all such cases the nectar contained an unus-
ual amount of pollen. Duplicate tests, made after filtering out 
the pollen, showed that the pollen had caused the chemical 
analyses to run too high, but that the refractometer readings 
were unaffected thereby. 
The refractometer method is so simple that in comparison 
with chemical methods, there are almost no opportunities for 
errors to creep into the technique. Repeated readings made on 
three different samples of nectar were treated statistically with 
the following results: 
Sample A B C 
Number of readings . . ...................... . 15 20 18 
Mean ..... ________ .. ___ ...... ____ .... __ ... ___ .......... __ . 24.30 29.38 32.08 
Probable error of the mean ... . ±0.0265 ±0.0179 ±0.0109 
Coefficient of variability ................... ____ ................... . 0.626 % 0.404 % 0.214% 
It is to be observed that these figures indicate a very high 
degree of reliability for comparative results obtained through 
the use of the Abbe refractometer. And although correspond-
ing statistical data for results by microchemical methods are 
not at hand, it is safe to state that such data would compare 
very unfavorably with the above measurements of the uniformi-
Fig . 1. Laboratory facilities are not 
needed when using the Abbe refractome-
ter. 
ty and reliability of results 
obtained. 
In addition to simplicity, 
accuracy and speed, other 
advantages may be obtained 
by the refractometer meth-
od. A satisfactory determi-
nation can be made on con-
siderably less than a drop 
of ordinary size. Laboratory 
facilities are not needed 
(fig. 1). The instrument is 
easily transported and can 
be used in the field. 
It is concluded from 
the foregoing considera-
tions that determinations of 
sugar concentration in nec-
tar, made by the use of 
218 
the Abbe refractometer, are at least as dependable as those ob-
tained by any of the chemical methods known to the writer; 
and that they are more dependable than the latter when changes 
in concentration are to be measured, as in the present instance. 
TRAINING BEES TO FEED AT THE DESIRED LOCATION 
It became highly desirable, during the course of tliis investi-
gation, to secure data from field-bees working under conditions 
which would be entirely normal or as nearly so as possible. It 
was decided that the nearest approach to such conditions could 
be realized best by training the bees of a given colony to fly to 
a feeder located at a selected spot some distance from the hive. 
Bees marked at the feeder could be captured as they arrived 
at the hive entrance. The concentration of the honeysac con-
tent of these bees could then be determined and compared with 
that of the sirup in the feeder, to determine whether there had 
been any change made in it by the bee. 
Knowing that bees pay very little attention to exposed sweets 
except at times when nectar is not available in the flowers, this 
line of work was undertaken at the close of the honeyflow in 
August,1930. A normal colony located just outside the labora-
tory (fig. 2), was used for this experiment. As there were no 
other colonies withip a radius of nearly a mile, this arrangement 
had several obvious advantages such as freedom from interfer-
ence from other colonies and proximity to convenient labora-
Pig. 2. A normal colony of bees, located just outside the laboratory, was used for 
this experiment. . 
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tory facilities. It was planned to locate the feeder at a distance 
of approximately one-half mile from the hive in order to involve 
the factor of normal flight to and from the field. 
The task of training bees to go to a given location was not 
new to the writer who had used such procedure in experiments 
to determine the speed of the bee in flight (31) and in various 
behavior studies. The plan followed on previous occasions was 
to place the feeder at the entrance of the hive until the bees 
began feeding freely. The feeder was then moved a short dis-
tance from the hive, and when the bees had adjusted them-
selves to this location, it was moved still farther away, and 
so on. 
Every beekeeper knows how easy it seems to be for bees to 
find exposed sweets which he does not wish them to have, but 
let him attempt to "bait" bees to a distance with sugar sirup 
and he will have a new experience. Bees can find honey by 
means of its odor and will follow it readily when moved 
short distances'. But sirup made from cane sugar (sucrose) 
does not attract bees perceptibly owing to lack of odor and is, 
therefore, much more difficult for them to follow from place 
to place. Scented sirup and honey were both considered but 
were not used in this experiment since either one would be 
found too readily by searching bees from other colonies. It 
was considered desirable to avoid this complication if possible. 
Several short-cut methods were tried with various degrees 
of success, but all were discarded in favor of the slow but sure 
"baiting" method. It was found that the bees did not readily 
follow the feeder from one location to the next when it was 
moved more than about 6 to 10 feet at a time, and it was found 
best to move the feeder not oftener than four ·or five times per 
hour. Thus it will be seen that a period of 8 to 10 days was re-
quired to "bait" the bees to the desired distance of one-half 
mile, even under favorable conditions. 
FEEDERS AND SIRUPS 
The feeder used while" baiting" the bees to the chosen loca-
tion was a friction top honey-pail with cheesecloth draped down 
inside in the form of a bag held in place by a string tied around 
the outside of the pail near the top (fig. 3A). Two such feeders 
were used, one about 8 feet farther from the hive than the 
other. The one nearer the hive usually had the larger patron-
age, and when a .sufficient number of bees was found feeding 
there, this feeder was advanced to a point about 8 feet beyond 
the other. Thus the two feeders were advanced alternately, 
always keeping them within a short distance of each other. 
The open bucket feeder served well for "baiting," but was 
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A B c 
Fig. 3. Types of feeders u sed: A. used for "baiting" bees to a distance; Band 
C, used when feeding s irup of known concentL'ation. 
considered unsuitable for maintaining a supply of sirup at a 
uniform concentration, since evaporation from its large ex-
posed surface would tend to increase the concentration of the 
sirup. The most satisfactory type of feeder for use during the 
remainder of the experiment would be one presenting a mini-
mum surface from which evaporation could take place. Such a 
feeder was assembled very easily from a dinner plate and a 
glass dish 8 inches in diameter and 2% inches deep. After fill-
ing the dish with sirup of the desired concentration, an inverted 
dinner plate having a fluted rim was put over it and the whole 
quickly turned over into position for feeding (fig. 3B). The 
dinner plate was of such diameter that the inverted glass reser-
voir was supported on the fluted rim of the plate, thereby pro-
viding numerous small outlets for the sirup, yet allowing only 
a minimum surface from which evaporation could take place. 
When first inverted there often was exposed a ring of sirup 
perhaps half an inch wide surrounding the reservoir, but this 
was taken up by the bees within 2 or 3 minutes. Thereafter, 
the ring of exposed sirup seldom exceeded one-sixteenth of an 
inch in width, and usually it was considerably less. 
It was soon found that the capacity of the reservoir was too 
small in proportion to its circumference. So many bees could 
feed at one time that replenishing was required too frequently. 
By replacing the shallow glass dish by ' a wide-mouthed bottle 
having a diameter of 3 inches and a height of' 10 inches, it 
was found that loaded bees continued to arrive at the hive en-
trance as fast as they could be used, and one filling of the feeder 
lasted much longer than before. Since the small diameter of 
the wide-mouthed bottle did not permit the fluted rim of the 
plate to function as before, it was found necessary to provide 
some other means for holding the reservoir slightly off the plate. 
A disc, slightly greater in diameter than the mouth of the bot-
tle, cut from a sheet of window screen, and inserted between 
bottle and plate, gave the desired result (fig. 3C). 
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This type of feeder proved to be highly satisfactory. Sam-
ples taken by means of small pipettes from the rim of the feed-
er, among the feeding bees, showed that no appreciable changes 
occurred in the concentration of the sirup thus made available 
to the bees. 
The sirups used in these studies were made by dissolving 
granulated cane sugar (sucrose) in cold water. A stock solu-
tion of high concentration was kept on hand so that almost any 
desired concentration could be prepared very quickly by the 
addition of water. A refractometer reading quickly showed 
whether the concentration was above or below that desired, and 
water or stock solution was added, as the case required. Concen-
trations of approximately 13, ] 6, 20, 40, 60 and 64 percent were 
used. It was not considered necessary to provide sirups of pre-
cisely those concentrations. The important consideration was to 
know exactly the concentration of the sirup received by the bees 
and to determine any change made by them. 
IDENTIFICA'l'ION OF BEES USED 
The necessity of having some satisfactory means of identify-
ing bees used in such experiments as the one reported herein is 
obvious. The first preliminary experiment made use of bees 
which became marked automatically while working on common 
milkweed, Asclepias syriaca. Pollinia or pollen appendages of 
this plant become attached to the feet and legs of bees that 
visit the flowers. Milkweed was at the height of its blooming 
period at the time. It was certain, therefore, that bees bearing 
the craracteristic milkweed pollinia, had recently been gather-
ing from that source. It was not practical to demonstrate that 
these bees were still carrying milkweed nectar; but, in view of 
our ever increasing knowledge of the habits of the bee and her 
constancy (32) to a particular plant species, it seemed reason-
able to expect that bees bearing milkweed pollinia were still 
devoted to that source. 
Bees marked by means of paint spots, as previously described 
by the writer (35), were used in another preliminary experi-
ment. This method did very well for small numbers but was 
unsatisfactory for larger numbers of bees. It required too 
much time, and the marks led to confusion later on unless all 
marked bees were removed from the colony upon arrival at the 
hive. 
Discovery of a highly satisfactory method was made in the 
following manner. Outgoing field-bees were being captured, 
starved for an hour and then allowed to fill up on nectar gath-
ered by hand. Those which took good loads were marked with 
paint, carried half a mile from the hive and released to be re-
captured upon arrival at the hive. It was decided to try an 
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additional safeguard in the form of harmless fruit coloring 
added to the nectar supplied to the starved bees. This should 
make it impossible for the bee to dispose of the load given her 
and replace it with one from another source without detection. 
It was found that the colored sirup showed thTough the trans-
parent abdominal wall of the bee, so there really was no need of 
any other means of identification. The use of colored sirup 
proved to be an important advance in methods for several rea-
sons: It eliminated the slow, tedious process of marking and 
also the confusion which arose fr.om the presence of marked 
bees no longer possessing loads. The means of identification 
was coexistent with the possession of colored sirup. The pro-
cess was entirely automatic, hence ideal fo!' conducting feeding 
experiments on a much larger scale than had been previously 
attempted. 
CAPTURING AND DISSECTING BEES 
Capture of bees at the hive entrance was facilitated by con-
tracting the entrance to a passage way only large enough for 
one or two bees to pass at a time. This was conveniently 
done by means of a block about 1 inch square and as long as the 
width of the entrance, having a notch in one side to provide a 
passage way about % inch wide and % inch high. Sometimes 
even this small passage was closed by means of another smaller 
block, for short periods. As a rule these blocks remained in 
the hive entrance only a few minutes at a time during which 
the desired number of bees was being captured. 
Bees for dissection were captured in glass shell vials as they 
alighted at the entrance (fig. 4). Notched corks confined the 
bees to these vials while others were being captured. Usually 
only one bee was placed in each vial, but the number varied at 
the convenience of the operator. Rarely did it require 
longer than 5 or 10 minutes to secure the desired number of 
bees, and frequently they were captured within a couple of 
minutes. The vials containing the live bees were then taken 
into the laboratory where the bees were at once killed by being 
transferred to an ordinary insect killing bottle containing cal-
cium cyanide. 
Dissections were begun as soon as the bees were killed. The 
operator grasped the thorax of a bee between thumb and finger 
tips of the left hand, holding the bee ventral-side up. With the 
right hand he secured a firm hold along the side of the bee's ab-
domen at about the second segment, by means of the nails of 
the second finger and the thumb. Upon giving a gentle but 
steady pull the abdomen usually separated from the thorax and 
slipped off over the full honeysac which was then left fully ex-
posed. Upon further pulling, the honeysac usually was torn 
223 
Fig. 4. Bees for dissection were captured in g lass shell vials as they alighted at 
the hive entrance. 
away from either the thorax or the abdomen without losing its. 
contents. In a large percentage of cases the contents then 
flowed out through the torn end but did so slowly enough to 
permit the contents to be placed in a depression slide, or on the 
prism of the refractometer, when the latter method was to be 
used. When the honeysac failed to drain as described above, it 
was punctured to bring about the discharge of its contents. 
When chemical methods were to be employed, several sacs 
were emptied into a clean depression slide from which the com-
posite sample was then removed by means of a clean, weighed 
micropipette. When determinations of sugar concentration 
were to be made by means of the refractometer, the contents of 
each honeysac was determined immediateley upon dissection. 
By chemical methods results were obtained about an hour after 
the bee was captured. By the refractometer method, that in-
terval was shortened to a very few minutes. 
RESULTS 
REVIEW OF PRELIMINARY EXPERIMENTS 
Experiments for the purpose of determining whether or not 
the honeybee eliminates surplus water from nectar while 
en route to the hive, were begun in 1926. A preliminary report, 
(34), published in 1927 will be reviewed briefly. 
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~IILKWEED NECTAR-CARRIERS 
Use was made of the fact that pollinia of the common milk-
weed, Asclepias sY1'iaca, become attached to the feet and legs 
of bees which visit these flowers and thus identify them as milk-
weed nectar-carriers. Analyses were made of eight samples of 
nectar taken directly from milkweed flowers and seven from the 
honeysac contents of milkweed nectar-carriers, caught as they 
entered the hive_ The average percentage of sugar found for 
the contents of the honeysacs was about 8 percent less than that 
found for nectar taken from the flowers. Although this de-
crease appeared as a rather constant factor, several possible 
sources of error were recognized in the procedure, so another 
experiment was planned which was expected to yield more re-
liable data. 
OUTGOING BEES FED HAND-GATHERED NECTAR 
Field-bees captured as they left the hive, were used in the 
second experiment. Each worker was kept by herself in a queen-
nursery cage without food for a period of 1 hour in order to in-
sure that little, if anything, should remain in her honeysac. Nec-
tar gathered from Gladiolus primulinus Hort. was then placed 
on the screen of each cage. Any bee which did not immediately 
take up her drop of nectar was discarded. At the end of 10 
minutes, part of these bees were killed and the nectar recovered 
from their honeysacs. Others were killed at the end of 25 and 
60 minutes, respectively. Analyses were made to determine 
the percentage of sugar in the nectar used, both before it was 
fed and after it was recovered, with the following results: 
- Percent sugar-
(Before) (After) 
30.7 30.6 
30.7 26.8 
30.7 25.0 
Decrease 
0.1 % 
3.9% 
5.7% 
Minutes 
in honey sac 
10 
25 
60 
These results not only showed a decrease in concentration but 
also suggested that the amount of decrease might vary directly 
with the length of time. the nectar remained in the honeysac. 
But the results were too few to permit conclusions to be drawn, 
and they might have been abnormal since these bees had no 
opportunity to fly. This latter defect was eliminated in the fol-
lowing experiment. 
The procedure just given was followed also in this next ex-
periment, up to and including the feeding of the drop of 
gladiolus nectar. In this instance those bees which took full 
loads of the nectar were marked with paint, carried to a point 
half a mile from the hive and released, to be recaptured as they 
returned to the hive. The nectar was then recovered after 
having remained within their honeysacs for approximately 1 
hour, Analyses were run on the nectar recovered from the bees, 
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as well as upon a sample of the nectar as obtained from the 
flowers. 
'fhe experiment just described was repeated on three other 
occasions, except that a harmless coloring material was added 
to the nectar before it was fed to the bees, so that not only were 
the bees marked but the nectar itself was marked also. The 
nectar was analyzed after the coloring was added, and again 
after it was recovered from the bees. The four sets of data thus 
obtained are tabulated below: 
- Percent sugar- Change 
(Before) (After) 
26.6 23.8 -0.80/0 
26.0 23.9 - 2.1 0/0 
29.1 28.8 - 0.3 0/0 
27.1 30.0 + 2.9 0/0 
All of the foregoing analyses were made by Bang's method 
as already described under methods. Since results obtained by 
this method, at best, are subject to an error of about ±0.5 of 1 
percent, these results were inconclusive. They might be taken 
to indicate that in some instances there actually was a decrease 
in nectar concentration, in others an increase. Possibly no 
change occurred, or if so, only a slight one. It was certain, 
therefore, that experiments conducted on a much larger scale 
would be required to determine whether the bee changes the 
concentration of the nectar in her honeysac while en route to 
the hive. 
FIELD-BEES CARRYING SIRUP ONE-HALF MILE 
Data obtained from the preliminary experiments related 
above, were far too meager to warrant drawing definite con-
elusions; yet they suggested interesting possibilities which, in 
the main, appeaJ'ed to be contrary to preconceived ideas widely 
held. Methods which eliminated various defects in procedure 
had been devised. Short-cuts, such as the use of colored nectar 
or sirup for purposes of identification, and the Abbe refracto-
meter for making determinations on changes in sugar concen-
tration had opened the way for conducting further studies on a 
much larger scale and with more trustworthy results. It seemed 
desirable, therefore, to press the quest to a definite conclusion. 
Briefly stated, the final series of experiments was conducted 
on the following general plan. Bees of a given- colony were 
trained to go a distance of half a mile (800 meters) to a feeder 
containing colored sirup. As the color of the sirup was visible 
through the bee's abdominal wall, those having loads from the 
feeder were easily recognized and could be captured as they 
alighted at the hive. Captured bees were killed and their 
honeysacs removed without delay. As each honeysac was re-
moved, its content was deposited between the prisms of the re-
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fractometer and the refractive index recorded at once. Similar 
determinations were made at intervals upon samples of sirup 
taken directly from the feeder. Usually three determinations 
for each sample from the feeder were made and the average 
taken. Changes in concentration could be found by comparing 
these two sets of data. 
Records were obtained, not only from bees arriving at the 
hive, but also from some of those which, having taken up their 
loads at the feeder, were ready to leave on the return trip to 
the hive. This was done in order to determine whether the fac-
tor of flight exerts any perceptible influence upon the concen-
tration of sirup or nectar in the honeysac. 
It was recognized that even outgoing field-bees do not leave 
the hive with honeysacs entirely empty, but carry rations for 
the outward journey. Dissection of many such bees has shown 
that the amount'varies considerably from bee to bee and from 
time to time. Any" carry-over" from a different source might 
introduce errors into our results. The writer's (35) previous 
work had shown that 10 minutes should be ample time for a bee 
to make a round trip under existing conditions, and that 30 min-
utes should allow a suitable margin of safety in this case. There-
fore, results which were obtained during the first 30 minutes 
after sirup was made available each morning, or during a simi-
lar period following a change to a sirup of different concentra-
tion, were segregated from the rest of the data. Such results 
should show something in regard to the influence of "carry-
over" upon succeeding loads and will be presented in the 
proper place. Results obtained after the first 30-minute period 
in each instance were considered normal and will be presented 
first. 
It has already been stated that six different concentrations of 
sirup were used. The concentrations were approximately 13, 
16, 20, 40, 60 and 64 percent, respectively. Sometimes more 
than one lot of sirup was used wp.ile securing data on a given 
concentration. It was not easy to duplicate exactly the concen-
tration of the first lot, but a close approximation could be made 
very readily. This was found to be sufficient and satisfactory 
because, in every case, the concentration of the honeysac con-
tent was compared directly with the concentration of the iden-
tical sirup from which the bee obtained her load. 
Approximate and exact concentrations of all sirups used are 
listed in table I. The number of determinations in which each 
exact concentration was used, is indicated by the accompanying 
number in parenthesis. 
Statistical treatment of the data, using R. A. Fisher's method 
of analysis of variance (18), shows the results to be homo-
geneous within each of the six concentration groups, but that 
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TABLE I. CONCENTRATION OF SIRUPS USED . 
Group I II • III IV V VI 
Approximate 13 Percent 16 Percent 20 Percent 40 Percent 60 Percent 64 Percent 
Exact (a) 12.82 (80) 16.08 (50) 19.76 (40) 38.56 (32) 61.34 (30) 64.08 (10) 
(b) 12.89 (20) 19.39 (10) 38.33 (14) 59.11 (10) 63.33 (10) 
(c) 39.43 ( 7) 63.10 (10) 
(d) 39.50 (10) 
Weighted 
average 12.83 (100) 16.08 (50) 19 . 69 (50) 38.75 (63) 60.78 (40) 63.50 (30) 
significant differences exist between the groups. Hence it 
seemed desirable to group the data as it appears in tables I, II 
and III. 
TABLE II. CHANGES MADE BY BEES IN CONCENTRATION OF SIRUP. 
Group I 
Percent sugar in sirup at feeder 
12.82 I . 12.82 I 12.82 I 12.82 I 12.82 I 12.82 I 12.82 I 12.82 I 12.89 I 12.89 
Changes as shown by honeysac contents 
-.22 .08 
- . 12 .43 
-.07 - . 02 
.08 .18 
.13 -.07 
.23 .68 
-.32 .43 
- . 22 - . 07 
-.52 -.27 
-.27 -.27 
.131 .11 (1) (2) 
-.02 -.32 -.27 -.12 -.12 .23 
-.02 .43 -.07 .08 -.22 .28 
.18 .88 .08 -.32 -.37 -.27 
.28 .58 -.12 -.22 -.12 -.32 
.48 -.27 .58 -.62 .08 -.12 
-.22 .98 -.32 .23 -.22 .38 
-.42 -.12 -.12 -.27 -.72 -.22 
.13 -.02 -.22 -.22 -.42 .08 
-.07 -.,02 . 13 .18 -.22 -:42 
.23 .78 -.12 .43 -.27 -.07 
Mean change from sirup at feeder 
(3) (4) .06 I .29 
Group II 
.04 (5) 
]I 
Percent sugar in sirup at feeder 
G;-oup III 
0.65 -0.15 
0 .05 0.00 
0.00 -0.05 
-0.46 -0.25 
-0.56 0.00 
0.00 0.05 
-0 . 66 -0.56 
1.20 -1.21 
-0.51 -0.20 
1.15 0.45 
16.08 I 16.08 I 16.08 116.08 I 16.08 1119.76 119.76 I 19.76 19.76 I 19.39 
-.33 -.13 -.18 
-.13 -.18 -.08 
-.33 -.33 -.18 
.17 -.63 -.33 
-.83 -.38 -.48 
-.53 -.48 -.18 
-.38 .87 -.13 
-.38 -.13 - . 03 
-.58 -.33 -.38 
-.28 - . 98 -.18 
Changes as shown by honeysac contents 
-.88 .22 -.71 -.44 
-.53 -.03 -.36 -.29 
-.33 -.38 -.36 -.59 
-.la -.33 -.66 -.59 
-.68 -.13 -.ti1 -.24 
-.4g -.18 -.36 -.39 
-.63 -.33 -.71 .56 
-.28 -.28 -.36 -.59 
.12 -.33 -.16 -.44 
.02 - . 6R -.51 -.94 
Mean change from tsirup at feeder 
-.38 
(14) 
-.47 
(16) 
-.40 
(17) 
-.19 
- .24 
-.44 
-.29 
-.19 
-.14 
-.~Q 
-.24 
-.29 
-.19 
-.25 
(18) 
-.39 
-.19 
-.14 
-.19 
.71 
-.19 
-.14 
.21 
.91 
-.69 
-.01 
(11» 
-0.70 
0.65 
-0.85 
-0.35 
1.15 
-0.95 
-0.35 
-0.85 
-1.00 
-0.55 
-.38 
(20) 
~28 
TABLE II. CHANGES MADE BY BEES IN CONCENTRATION OF STRUP (Cont.) 
Group IV 
Perc-eDt sugar in sirup at feeder 
38.56 I 38.56 I 38.56 I 38.56 i 38.33 I 38.33 
-0.56 
-0 . 46 
-0.51 
-0.51 
-0.71 
-0.55 
(21) 
61.34 
-.59 
-.55 
-.42 
-.42 
-.52 
-.62 
-.42 
-.52 
-.52 
- . 55 
-0.51 
(29) 
Changes as shown t-y honeysac contents 
-1.06 -0.99 -0.64 1.60 0.45 
-1.01 -0.59 -0.34 -0.75 -2.65 
-0.96 -1.04 0.06 -2 . 10 -2.45 
-1.11 . -0.39 0.01 -1.10 -0.05 
-0.91 -0.39 -1.49 -0.65 
-1.06 -0.94 -0.94 -0.55 
-0.64 -0.64 -0.34 -0.60 
-0.74 -0.44 -0 . 19 -0 .20 
-1.14 -0.39 -0.75 
-0.44 -0.60 
Mean change from sirup at feeder 
-0.94 
(22) 
-0.73 
(23) 
Group V 
-0.47 
(24) 
-0.57 
(25) 
-1.18 
(26) 
Percent sugar in sirup at feeder 
61.34 
-1.62 
-0.29 
-0.62 
-0.67 
-0.47 
-0.77 
-0.67 
-1. 72 
-0.67 
-1.07 
-0.86 
(30) 
61. 34 i 59.11 II 64.08 
Changes as shown by honeysac contents 
-0.94 -2.13 -0.41 
-1.04 -1.65 -0.46 
-1.21 -3.18 -1.71 
-1.04 -1.73 -0.86 
-0.89 -2.23 -1.33 
-0.99 -1.88 -1.06 
-0.39 -1.73 -1.29 
-0.59 -2.58 -1.33 
-0.89 -1.28 -0.96 
-1.24 -2.08 -4.26 
Mean change from sirup at feeder 
-0.92 
(31) 
-2.05 
(32) 
-1.37 
(33) 
39.43 I 39.50 
-1.08 
-0 .53 
-2.18 
-1.08 
-0.38 
1.97 
-1.43 
-0.67 
(27) 
Group VI 
63.33 
-1.35 
-1.20 
-3.50 
-2.05 
-1.38 
-3.12 
-2.05 
-1.00 
-3.12 
-2.68 
-2.15 
(34) 
-2.50 
-0.65 
-1.10 
-0.65 
-1.8.<; 
-0.55 
-1.20 
-1.15 
-0.45 
-1.00 
-1.11 
(28) 
63.10 
-1.72 
-2.77 
-2 . 22 
-1.45 
-1.27 
-0.85 
-2.02 
-3.42 
-1.42 
-1.89 
-1.90 
(35) 
Changes made by bees in the concentration of sirups of 
various initial concentrations are listed in table- II. Decreases 
are preceded by the minus (-) sign, while figures without this 
sign represent increases from the concentration of the sirup at 
the feeder. Changes shown are for honeysac contents of bees 
captured as they entered the hive after having flown a distance 
of one-half mile with the colored sirup. Each increase or de-
crease listed in this table represents data obtained from one bee. 
Figures showing the concentration found for the contents of the 
honeysacs are omitted to conserve space, but the concentration 
for any given honeysac may be found by taking the algebraic 
sum of the change and the original concentration of the sirup 
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as shown at the top of the column in which the given change ap-
pears. 
A glance over table II shows the great majority of the 
changes were decreases. Four percent of the records in group 
I (13 percent sirup) indicate no change at all, 37 percent show 
increases and 59 percent decreases. In group II (16 percent 
sirup), 10 percent were increases and 90 percent decreases. 
Group III (20 percent sirup) shows 14 percent of the records 
were increases and 86 percent decreases. Group IV (40 percent 
sirup) shows 8 percent were increases and 92 percent decreases. 
Groups V and VI (60 and 64 percent sirups) show decreases 
only. 
Mean changes listed at the bottom of the several columns in 
table II have been brought together in table III. We find that 
increases appear among the means in the 13 percent group only, 
and in only 40 percent of the cases in that group. The two most 
striking facts shown by this table are: that the group averages 
show decreases for all six concentrations used, and that the ex-
tent of the decrease varies directly as the concentration of the 
sirup fed. 
A regression line, based upon the data presented above, has 
been plotted and appears in fig. 5. The equation used in the 
derivation of this line is as follows: 
Estimated change = .2525 - .02665 (feeder concentration) 
The line may be looked upon as representing the average 
change in groups of approximately 10 bees, for sirups of con-
centrations between 13 and 70 percent. This estimated average 
change is found to have a standard error of .332, which is rep-
resented in fig. 5, by the space bounded by the two dotted lines, 
one of which lies on either side of and parallel to the regression 
line. In normally distributed data about 68 percent of the 
TABLE III. MEAN CHANGES FROM SIRUP AT FEEDER. 
Group I 
13 percent 
I Group II I I 16 percent 
-.13 - . 36 
. 11 -.27 
. 06 - . 22 
. 29 - .38 
-.04 -.24 
-.08 
-.26 
- . 04 
.09 
- . 19 
- . 02 -.29 
Group III I Group IV I Group V I 
20 percen t 40 pecen t 60 percen t 
Mean changes 
- .47 -0.55 -0.51 
-.40 -0.94 -0.86 
-.25 -0.73 -0.92 
- . 01 -0.47 -2.05 
-.38 -0 . 57 
-1.18 
-0.67 
-1.11 
Grand averages 
- . 30 -0 .76 -1.06 
Group VI 
64 percent 
-1.37 
-2 . 15 
-1.90 
-1.80 
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group means would fall within the area between these dotted 
lines. Upon plotting the means listed in table III, it was found 
that 75 percent of them fall within this area. The small discrep-
ancy seems to be due to the somewhat erratic behavior of the 
groups receiving the 60 percent and 64 percent sirups. 
The accuracy of the estimates made from the regression equa-
tion may be observed by comparing them with the corresponding 
grand averages of table III. The comparison is made in lines 
a, band c of table IV. The error of estimate is the difference 
between the observed and estimated mean change for a given 
concentration. 
The significance of a mean error of estimate (line c) is tested 
by comparing the ratio, 
mean error of estimate, 
standard deviation 
shown in line e, with the value of this ratio (line f) which would 
be considered significant. These numbers in line f are values 
of t taken from Fisher's table IV (18). The fact that the ob-
served values of t in line e are, in every case, much smaller than 
the tabular values of line f leads to the conclusion that none of 
the errors of estimate are statistically significant. While the 
mean errors of estimate for groups V and VI are both relatively 
large, the fact that one is positive and the other negative makes 
it appear only the more probable that they are due simply to 
random sampling. 
TABLE IV. SUMMARY OF CHANGES IN CONCENTRATION 
BETWEEN FEEDER AND HIVE. 
Groups I II III IV V 
---------------
Number of lots 
(usually 10 bees each) 10 5 5 8 4 
------------
Total number of bees 100 50 50 63 40 
------------
Approximate concentration of 
sirups fed 13 16 20 40 60 
------------
Mean concentration of sirups fed 12.83 16.08 19.69 38.75 60.78 
------------
a. Observed mean change, all lots - . 02 -.29 -.30 -.76 -1.06 
------------
b . Estimated mean change -.09 -.18 -.27 -.78 -1.37 
------------
c. Error of estimate +.07 -.11 -.03 +.02 +.31 
------------
d. Standard deviation of (c) . 105 .149 . 149 . 136* .167 
------ ------
e. Ratio of (c) to (d) . 7 .7 .2 . 1 1.9 
-----------
f. Value of ratio (e) to be con-
sidered significant 2.26 2.78 2.78 2.57* 3.18 
*Assuming 6 groups of approximately 10 bees each. 
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Fig. 5. A, Regression line based upon data given in table II. The standard error 
of estimate (0.332) is repreRented by the vertical distances of the two dotted lines, 
E and C, from A. Mean changes (see table II) are represented by the small circles. 
It is possible now to read from our regression line (fig. 5) the 
average change which the groups of 10 honeybees made in sirup 
or nectar of any given concentration between 13 and 65 percent, 
thereby enabling one to estimate the concentration of the honey-
sac content when the original concentration of the sirup or nec-
tar is known. Table V shows a series of such readings, together 
with the expected concentration of the honeysac content, at in-
tervals of 5 percent between 10 and 70 percent. 
It may be observed from this table that the maximum average 
change to be expected in a 65 percent sugar solution, is con-
siderably less than 2 percent. Nectar having a sugar content 
of 70 percent is not very common. Extensive investigations by 
the writer (mostly unpublished) have shown that the concen-
tration of nectar in most Iowa honey plants usually varies be-
tween 30 and 65 percent during that part of the day in which 
they are gathered by the honeybee. This would indicate varia-
t ions in changes made by the honeybee ranging from about one-
half of 1 percent for 30 percent nectars to approximately 1% 
percent for 65 percent nectars, or not far from 1 percent as a 
general average for nectars commonly gathered in Iowa. 
W e have just shown that sugar determinations made on the 
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honeysac content of bees gathering from a given source, differ 
from determinations made on the original supply, by small per-
centages only. The constancy of the honeybee to her chosen 
floral species is too well established to require more than mere 
mention. Likewise, it is well known that nectar contains little 
else than sugar and water. Hence, we may conclude that sugar 
determinations on the honeysac content of It bee caught while 
gathering from a given kind of plant, must give a close approxi-
mation to the sugar content of the nectar as it existed in the 
flowers visited by this bee. 
TABLE V. ESTIMATED CHANGES MADE BY THE HONEYBEE IN THE CON-
CENTRATION OF SIRUP OR NECTAR BETWEEN THE FIELD AND THE HIVE. 
Nectar or sirup concentration 
10 percent 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
Estimated change 
-0.01 percent 
-0.14 
-0.28 
-0.41 
-0.54 
-0.68 
-0.81 
-0.94 
-1.08 
-1.21 
-1.34 
-1.48 
-1.61 
Estimated concentration of 
honeysac content 
9.99 percent 
14.86 
19 . 72 
24.59 
29.46 
34 . 32 
39.19 
44 . 06 
48.92 
53.89 
58.66 
63.52 
68.39 
Note: Estimated decrea~e averages .0266.) percent for each 1 percent increase in concentration 
of sirup. 
Even the small error which would be present in results ob-
tained by means of determinations on honeysac contents may 
be considerably reduced through the use of the following re-
gression equation: 
Estimated nectar concentration = 1.0271 (honeysac 
concentration) - .2513 
This equation is based upon the same original data as were 
used to obtain the regression given on page 229. In this case, 
however, we start with the concentration of the honeysac con-
tents and work back to find the concentration of the original 
sirup. A series of values has been listed in table VI, showing the 
estimated concentration of the original sugar solution, as found 
from the above equation, when the concentration of honeysac 
contents obtained by the bees from the same source has been 
found from 10 or more honeysacs individually determined. 
INFLUENCE OF DURATION OF RETENTION OF SIRUP OR NECTAR IN THE HONEY SAC 
The suggestion that the change in concentration of sirup or 
nectar in ,the honeysac may vary with the length of time it is 
retained there, was taken from the results of some preliminary 
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TABLE VI. VALUES FOR THE CONCENTRATION OF SIRUP AT THE FEEDER, 
OR NECTAR IN THE FLOWERS, AS ESTIMATED FROM THE 
CONCENTRATION OF HONEYSAC CONTENT.* 
Concentration of boneysac c.ontent Estimated nectar or sirup concentration 
10 percent 
15 
20 
25 
30 
35 
4<l 
4.') 
50 
55 
60 
65 
70 
*On a basis of 10 honeysacs determined individually. 
10.02 percent 
15.16 
20.29 
25.43 
30.56 
35.70 
40.83 
45.97 
51.10 
56.24 
61.37 
66.51 
71.65 
work done in 1926, already reported in this paper. During the 
present investigation, three lots of bees were tested to secure 
further data upon this point. The bees were captured at the 
hive entrance following their half-mile flight from the feeder, in 
the manner already described. Two of these lots were held in the 
vials in which 'they were captured for a period of 1 hour, while 
the third was held for a 2-ho.ur period. Those confined for 2 
hours consumed all or nearly all of the sirup (13 percent sugar) 
in their honeysacs, so that no results of value were obtained 
from that group. 
Table VII shows that the observed mean change for those 
bees which carried the 61 percent sirup was a decrease of 1.79 
percent. The estimated mean change derived from the regres-
sion line given on page 231 is a decrease of 1.39 percent. The 
observed mean change for the bees which car'ried the 20 percent 
sirup was a decrease of 0.47 percent. The mean change esti-
mated from the regression line is a decrease of 0.28 percent. 
TABLE VII. CHANGES IN CONCENTRATION OF SIRUP RETAINED IN 
HONEYSACS FOR 1 HOUR. 
Percent sugar in sirup at feeder 61.34 19.76 
Changes as shown by honeysM contents -3.24 -0.94 
-1.64 -1.29 
-0.59 -0.24 
-2.51 -0.44 
-0.81 -0.14 
-2.24 -1.14 
-1.59 0.26 
-1.89 -0.24 
-2.04 -0.44 
-1.34 -0.09 
Observed mean change -1. 79 -0.47 
Estimated mean change I -1.39 -0.28 
Error of estimate -0.40 I -0.19 
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Statistical tests show that these observed mean changes do not 
differ significantly from those estimated from the regression 
line mentioned above (fig. 5). . 
The bees in these two lots retained the sirup about four times 
as long as did those which furnished the data from which the 
above regression was derived, but the results are not signifi-
cantly different. Hence it seems probable that the duration of 
the retention of sirup or nectar by the field-bee, beyond the nor-
mal time required to dispose of the load, has little, if any, in-
fiuence upon the concentration of such sirup or nectar. Further 
data will be necessary, however, before this conclusion can be 
considered definitely proved. 
INFLUENCE OF "CARRY·OVER" FROM PREVIOUS LOAD 
"Carry-over" from hive rations or from a preceding load 
has been mentioned as a possible source of error in determina-
tions of nectar concentration based upon the honeysac content 
of bees caught while gathering nectar from a given plant spe-
cies. Records from first loads taken from the feeder each day 
were not included in table II, owing to this possibility of error. 
'l'hese records will be presented in connection with additional 
data obtained from experiments which involved sudden changes 
at the feeder from sirup of a high concentration to one much 
lower and vice versa. The object was to secure data which 
might be expected to show a marked influence of" carry-over" 
from the previous load of known concentration. 
The following will illustrate the manner in which these 
changes were made. Suppose the bees had been carrying a 15 
percent sirup from a feeder, which we will designate as feeder 
A, for a period of 1 hour or more. This sirup was colored red. 
:B'eeder B, filled with 40 percent sirup, colored blue, was at hand 
but under cover. Feeder A was then moved away very care-
fully a few feet to one side. Scarcely a bee was disturbed by 
the moving and an empty box was quickly turned down over 
feeder and all to confine these bees. Feeder B was now uncov-
ered and placed where feeder A had been. Bees returning 
from the hive to which they had just carried loads of 13 per-
cent red sirup, were already in the air in such numbers that a 
circle of bees formed at the narrow ring of 40 percent blue sirup 
as soon as feeder B was put into place. Another person, wait-
ing at the entrance of the hive, one-half mile away, and knowing 
the exact time at which the exchange of feeders was to be made, 
watched for the arrival of bees carrying the blue 40 percent 
sirup and captured 20 from among the first to arrive. All bees 
captured were killed within a few minutes and the percentage 
of sugar in honeysacs determined as before. The bees under 
the box used to cover feeder A were then released after a con-
I. 
235 
·finement of about 10 minutes, which gave sufficient time for the 
capture of the required number of "blue" bees at the hive en-
trance. 
The bees were allowed to continue work on the blue 40 percent 
sirup for at least an hour. Feeder C, containing red 60 percent 
sirup, was then suddenly substituted for the blue 40 percent, in 
the manner described above. Changes were carried out also in 
which a red 60 percent sirup was followed by a blue 40, and 
that in turn by a red sirup containing about 15 percent sugar. 
Data showing the influence of "carry-over" upon subsequent 
loads are presented in tables VIII and IX. Adequate proof is 
lacking to show whether the source of "carry-over" is always 
hive rations, as it must be in the case of the first load each day, or 
whether at other times it is a portion of the previous load. It 
was found, however, through the application of certain statis-
tical tests, that there was no significant difference between the 
data on "carry-over" from hive rations and those on "carry-
over" which was considered to be from previous loads. Data 
from both sources, therefore. have been combined and are pre-
sented in tables VIII and IX. 
Data from first loads for the day were compared with those 
obtained following sudden changes from sirup of one known con-
centration to another. This comparison showed, in general, that 
a shift from hive rations to sirup containing 60 percent or more 
sugar, gave results which were very similar in kind and amount 
to those obtained when a sudden increase was made in the concen-
tration of sirup at the feeder. A sudden shift from hive rations 
to a 20 percent sirup, gave results which closely paralleled 
those obtained following a decrease in concentration at the 
TABLE VIII. CHANGES FOLLOWING A SUDDEN INCREASE IN THE 
PERCENTAGE OF SUGAR IN THE SIRUP FED. 
Increase from: 20 Percent 40 Percent Hive rations 
to: 40 Percent 60 Percent 63 Percent 
-1.00 -1.55 -0 .75 
-1.50 -1.25 -2 . 15 
-1.70 -1.40 -3 . 10 
-0.75 -1.22 -1.23 
-0.50 -1.40 -1.70 
-1.10 -1.15 -2.57 
-0.55 -1.68 -1.20 
-0 .30 -0.90 -1.23 
-2.65 -1.95 -1.27 
-0.50 -2.20 -3 .30 
Observed mean -1.06 -1.47 -1.85 
Estimated mean 
-0.81 -1.34 -1.42 
Error of estimate -0.25 -0 . 13 -0.43 
* As expected? Yes I Yes Yes . 
*A greater decrease than that indicated by the normal estimated mean was to be expected. 
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feeder. Data from first loads for the day, therefore were clas-
sified on this basis and appear in tables VIII and IX, respec-
tively. Table VIII shows changes observed following a sudden 
increase in the concentration of the sirup fed, while table IX 
shows changes following a sudden decrease. 
Referring to table VIII, it will be observed that the individ-
ual changes made following a sudden increase in the concen-
tration of the sirup fed, show considerable uniformity. Upon 
changing from 20 to 40 percent sirup, the minimum change was 
-0.30, the maximum, -2.65 and the mean -1.06. Upon 
changing from 40 to 60 percent, the minimum change was 
·- 0.90, the maximum -2.20 and the mean -1.47. Upon chang-
ing from hive rations of undetermined concentration to 63 per-
eent sirup, the observed minimum change was -0.75, the maxi-
mum -3.30 and the mean -1.85. It is to be noted that, with-
out exception, every individual change observed was a decrease. 
Due to the relatively low concentration of the" carry-over" in 
these cases, a decrease greater than that estimated from the re-
gression line for the normal mean was to be expected. All 
three of the observed means are in agreement with this expec-
tation. 
Changes made following a sudden decrea-se in the concentra-
tion of the sirup fed are shown in table IX. Upon changing 
from 40 to 13 percent sirup, the observed minimum change was 
zero, the observed maximum 2.05 and the observed mean 0.08. 
Upon changing suddenly from hive rations to 20 percent 
sirup, the minimum change was 0.05, the maximum, 1.55 and the 
mean, 0.50. Two sets of data were obtained in the instance of 
TABLE IX. CHANGES FOLLOWING A SUDDEN DECREASE IN THE 
PERCENTAGE OF SUGAR IN THE SIRUP FED. 
Decrease from: 40 Percent Hive rations 63 Percent 63 Percent 
to : 13 Percent 20 Percent 40 Percent 40 Percent 
0.0 0.80 1. 75 10.77 
-0.15 -0.45 -0.60 -0.28 
0.0 1.55 -1.50 -2.83 
0.5 0 . 35 3.65 -0.28 
-0.25 0.35 8.25 0.32 
-0.76 0.35 -0.55 -0.18 
2.05 0.85 -0.05 -0.28 
0.50 0.05 -0.55 11.37 
-0.35 0.25 -4.65 -0.48 
-0.25 0.85 -0.95 -0.58 
Observed mean 0.08 0 . 50 0.48 1. 76 
Estimated mean -0.09 -0.28 -0.81 -0.81 
Error of estimate 0.17 0.78 1.29 2.57 
• As expec ted? Yes Yes Yes Yes 
*A decrease smaller than, or even a slight increase over, the normal estimated mean was to 
be expected. 
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the sudden decrease from 63 to 40 percent sirup. Referring to 
the third column, the minimum change observed was -0.05, 
the maximum, 8.25 and the mean, 0.48. Referring to the fourth 
column, the minimum change observed was -0.18, the maxi-
mum, 11.37 and the mean, 1.76. Due to the relatively high con-
centration of the "carry-over" in these cases, a smaller de-
crease than, or even a small increase over, the normal estimated 
mean was to be expected. This expectation was borne out in 
all four cases. 
Several unexpectedly large individual changes are to be 
noted in table IX, especially certain large increases which ap-
pear principally in the third and fourth columns. Such in-
creases may be accounted for in the following manner. A few 
bees with honeysacs filled to varying degrees with the more 
concentrated sirup may have been in the air at the time the 
exchange of feeders was made, due to ' some unobserved dis-
turbance. Such bees would be free to complete their loads from 
the new feeder containing a more dilute solution. Loads re-
sulting from such a combination would undoubtedly show data 
similar to those under discussion. No explanation is known 
for the fact that a few rather large decreases also appear in this 
table. This suggests that some unknown factor or factors may 
have been involved during the time the data for table IX were 
being secured. But in spite of these unexpectedly large changes, 
the greatest difference between any observed mean and the cor-
responding estimated mean, is only 2.57. This indicates that 
when an average of the determinations from 10 or more indi-
vidual honeysacs is used, "carry-over" does not materially af-
fect the results of determinations made on the concentration of 
nectar through the use of honeysac contents. 
The writer (37, 38, 39) has shown that nectar concentration 
varies continually, hence for ordinary determinations it is suf-
ficient if our methods are accurate to within 2 or 3 or even 5 
percent. Only in special cases would there be reason to deter-
mine the exact 'concentration of nectar. Determinations of nec-
tar concentration made on groups of 10 or more honeysacs, 
therefore, are sufficient for ordinary studies on the concentra-
tion of floral nectars. 
INFLUENCE OF FLIGHT UPON CHANGE IN CONCENTRATION 
Flight has been supposed by various writers (1, 7, 19, 21, 24, 
27,28,42,48,50,51,52, 53,54,55,58,59), to play some part in 
the elimination of surplus water from nectar. Results already 
presented seem to preclude the possibility of any such function, 
but it was considered desirable, nevertheless, to secure actual 
data upon this point. 
It was planned to compare data from bees which had no flight 
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TABLE X. CHANGES FOLLOWING A SUDDEN INCREASE IN THE PER-
CENTAGE OF SUGAR IN THE SIRUP FED, WHEN FLIGHT 
TO THE HIVE WAS ELIMINATED. 
Increase from: 20 Percent 40 Percent Hive rations 
to : 40 Percent 60 Percent 63 Percent 
-0.50 -1.18 -4 .05 
-0 . 60 -1.03 -1.10 
-0 . 90 -1.18 -1.30 
-0.35 -1.28 -4 . 27 
-0.70 -1.88 -0 . 57 
-2.00 -1.11 -1.70 
-0.95 -0.83 -2.35 
-1.65 - 1.08 -1.30 
-0.20 -1.88 -1.10 
-0.65 -2.28 -2.20 
Observed mean -0.85 -1.37 -1.99 
Estimated mean -0.81 -1.34 -1.42 
Error of estimate - 0 . 04 -0 .03 -0.57 
*As expected? Yes Yes Yes 
*A greater decrease than that indica ted by the normal estimated mean was to be expected. 
after loading, with those from bees which made the half-mile 
flight to the hive. Such data were obtained in connection with 
the study on "carry-over," reported just above. 
Loaded bees, ready to leave the feeder for the homeward 
trip, were captured simultaneously with those caught at the 
hive entrance as reported above. Tables X and XI record the 
data for bees that were not permitted any flight after loading 
at the feeder, whereas, tables VIII and IX recorded the data for 
bees that had flown to the hive. Table X shows changes ob-
served following a sudden inc1'ease in the concentration of sirup 
at the feeder, while table XI shows changes following a sudden 
decrease. 
A decrease in concentration, greater than that indicated by 
the normal estimated mean, was to be expected in table X, ow-
ing to the relatively low concentration of the "carry-over," 
just as in taMe VIII. This expectation was wholly fulfilled. A 
decrease smaller than, or even a small increase over, the normal 
estimated mean was to be expected in table XI, due to the rela-
tively high concentration of the carry-over, just as in table IX. 
This expectation was borne out in three cases out of the five 
and in both of the cases in which this expectation failed to be 
borne out, the observed means differ from the normal estimated 
means by less than one-half of 1 percent. 
Statistical treatment of the data in tables X and XI showed 
no significant differences between the means obtained from bees 
that had a flight and those that did not. Neither did such means 
differ significantly from the normal estimated means derived 
from the regression equation given on page 229. 
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TABLE XL CHANGES FOLLOWING A SUDDEN DECREASE IN THE 
PERCENTAGE OF SUGAR IN THE SIRUP FED, WHEN FLIGHT 
TO THE HIVE WAS ELIMINATED. 
Decrease from: 40 Percent Hive rations Hive rations Hive rations 63 Percent 
to: 13 Percent 15 Percent 15 Percent 20 Percent 40 Percent 
1.85 -1.53 -0 .28 0.05 -1.18 
2.95 -0 .08 -0.28 0.05 0.12 
-0.30 -0 .28 0.92 0.85 1.02 
0.45 0.12 0.32 0 . 05 -2 .68 
0.65 -0.83 0.42 0.35 -2.68 
1.35 -0.98 -0.88 0 .35 -2.83 
0.65 . -0 .98 1.37 1.50 -2.18 
0.50 -0 .03 -1.28 0.05 -2 .23 
-0.51 -0.58 -0.18 0.55 -0.53 
1.05 0.72 -0 .98 -0.25 1.12 
Observed mean 0.86 -0.44 -0.08 0.36 -1.20 
Estimated mean -0.09 -0.14 -0.14 -0.28 -0.81 
Error of estimate 0.95 -0 .30 0.06 0 .64 -0 .39 
--------
*As expected? Yes No Yes Yes No 
*A decrease smaller than, or even d. small increase over, the normal estimated mean was to be 
expected. 
Comparing the observed means of table VIII with the corre-
sponding means of table X, and those of table IX with table 
XI, it will be observed that the differences traceable to the in-
fluence of flight, or the lack of it, are too slight to be of any 
practical importance. 
DISCUSSION 
ADVANTAGES AND LIMITATIONS OF NEW METHOD 
Certain advantages arise from the use of honeysac contents 
in the determination of the concentration of sugar in the nectar 
produced by various plants. Nectar samples may be obtained 
by this method from small types of flowers such as sweet clover, 
Melilotus, from which it is practically impossible to collect nec-
tar by hand. Samples may be secured more rapidly from bees 
than from flowers directly in most instances. Many chances 
of making mistakes of one kind or another are eliminated when 
the bee does the gathering, for she will not take water in lieu 
of nectar, while man might easily do so. There is less likelihood 
of errors due to evaporation in collecting and handling the nec-
tar than in the case of collections made by hand, especially 
when dealing with very small flowers or those which yield nec-
tar in very small quantities. On the whole, samples collected 
by bees probably are more truly representative than are those 
collected by hand. 
So far as studies on the concentration of sugar in nectar are 
concerned, the use of honeysac contents has comparatively few 
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limitations, and, for the most part, these are not serious. First 
loads for the day from a given source may be slightly influenced 
by the "earry-over," as has been shown. It is possible that 
when gathering nectar from flowers the bee may to some extent 
select nectar having a concentration which lies within certain 
limits. During these experiments, bees refused to take 10 per-
cent sugar sirup, but worked readily on the 13 percent. 
A bee occasionally may fail to adhere strictly to her particular 
plant species, and in such a case her infidelity might be ex-
pected to lead to incorrect results. But studies on the content 
of pollen loads from honeybees, made by Clements and Long 
(12) and by Betts (3,4), have shown that even the occasional 
load which contains more than one kind of pollen rarely com-
prises more than two kinds and that in practically all such 
cases at least 95 percent of the load is from a single species. 
Unless the honeybee is far less faithful to her species in nectar-
gathering than in pollen-collecting (which is to be doubted), 
errors due to this source must be negligible in results obtained 
by the above method. Not one of the above limitations can be 
considered as a serious defect, and when averages are taken 
for 10 or more individuals, errors due to the above causes would 
have little or ItO practical significance. 
ENLARGED POSSIBILITIES FOR THE STUDY OF NECTARS 
Two great difficulties have stood in the way of securing data 
on nectar and the factors influencing its production. First, the 
difficulty of obtaining sufficient quantities for investigation, 
and second, the lack of methods of analysis adapted to such 
small quantities as could be secured. Analyses made prior to 
the last few years, with few exceptions, have been accomplished 
by extracting the sugar from a given quantity of flowers by means 
of water or alcohol. Chemical determinations then showed the 
total amount of sugar, from which the average amount per 
flower was computed. This procedure probably extracted more 
or less sugar from the tissues of the plant in addition to that 
of the nectar. Since this method was not well adapted for rle-
termining sugar concentration, comparatively few such deter-
minations have been made in the past. It is largely because of 
these facts that our knowledge concerning the concentration of 
sugar in the nectar of various plants and under various conrli-
tions has been so very meager. 
The present investigation has shown that only an insignifi-
cant change occurs in the concentration of a sugar solution 
while in the honeysac of the field-bee. It has shown also 
that the Abbe refractometer method is practical, and, for gen-
eral purposes, sufficiently accurate for determining the sugar 
concentration of n ectar. The Abbe refractometer method re-
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quires only minute quantities of nectar, and such quantities as 
are needed may be secured readily from the sacs of honeybees 
captured while gathering nectar from the species of flowers to 
be investigated. Thus, both of the difficulties mentioned above 
have been practically eliminated, and it will now be practicable 
to study nectar concentrations in a large number of species of 
flowers which could not have been investigated through the nse 
of the older technique. 
CAUSE OF DILUTION 
The manner in which the dilution of nectar is brought about 
by the honeybee, as shown by the present investigation, has not 
been investigated. The most plausible explanation seems to be 
that such dilution may be the result of the addition of secre-
tions from certain of the salivary glands (probably the 
thoracic) or, less likely, from the walls of the honeysac. These 
secretions may, and probably do, contain one or more enzymes, 
such as invertase, which are essential to the inversion of the 
complex sugars of nectar, and possibly to other phases of the 
ripening and digestive processes. 
It is well known that, other conditions being equal, enzyme 
action is slower in a concentrated than in a dilute solution. 
Hence it would seem reasonable to expect that the addition of 
any such secretions by the bee might vary directly as the con-
centration of the sugar solution being swallowed, in order that 
proper conditions be brought about for rapid inversion of the 
sugar. It will be recalled that the amount of the observed 
dilution was found to vary directly as the concentration of the 
sugar solution fed. 
Thus, in the absence of definite knowledge on the subject, 
thiS"tentative explanation is offered merely as a plausible cause 
of the dilutions observed during the present investigation. 
THE EXCRETION THEORY 
The idea that honeybees eliminate a portion of the surplus 
water from nectar while en route to the hive is so widely held 
that a brief discussion of the theory, in the light of the results 
of the present investigation, seems to be in order. 
The excretion theory is based upon two observed facts, both 
of which are now well substantiated. They are: 1. That bees 
carrying thin sirup or nectar often expel droplets of clear liquid 
while in flight. 2. That honey newly deposited in the cells is 
more concentrated than the nectar from which it was produced. 
The latter is looked upon by many as the result of the former, 
but the evidence is only circumstantial. No direct proof has 
yet been produced to connect these two facts as cause and ef-
fect. 
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Brunnich (7, 8, 9, 10) has offered the r esults of some investi-
gations which he considered sufficient to prove the excretion 
theory, but the writer has discussed (34) this evidence in some 
detail and has pointed out that it lacks much of being adequate. 
Brunnich made much of the fact that new honey is already 
somewhat concentrated when deposited in the comb. It is evi-
dent that he was not sufficiently familiar with the behavior of 
honeybees regarding their methods of handling nectar and new 
honey. The writer (33) has already shown that the increased 
concentration of newly deposited honey is the r esult of evap-
oration while the nectar is being manipulated, for some min-
utes, by the mouthparts of the" house" bees prior to being de-
posited in the comb. The results of the present investigation 
have shown that no increase in sugar concentration occurs 
while the bee is en route to the hive with her load. It is very 
certain, therefore, that the expelled droplets bear no significant 
relation to the elimination of surplus water from nectar. 
If an explanation of the source of these droplets is desired, 
that given in 1880 by Charles Dadant (15) seems most logical 
and worthy of tentative acceptance at least. The fact that bees 
carrying water only have been observed (5, 45) to eject such 
droplets is in line with the conclusion that the excretion theory 
is untenable. 
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